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A high frequency signal recerving device includes a reference
frequency signal generating section operable to generate a
reference frequency signal; a high frequency signal process-
ing section operable to obtain a signal of a desired channel
from a high frequency signal using the reference frequency
signal, the high frequency signal being obtained by receiving
a broadcast wave; an analog demodulating section operable to
subject the signal of the desired channel to an analog demodu-
lation process; and a digital demodulating section operable to
subject the signal of the desired channel to a digital demodu-
lation process using the reference frequency signal.
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HIGH FREQUENCY SIGNAL RECEIVING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from Japanese

Patent Application No. JP 2005-001739 filed on Jan. 6, 20035,
the disclosure of which 1s hereby incorporated by reference
herein.

BACKGROUND OF THE INVENTION

The present invention relates to a high frequency signal
receiving device. Particularly, the present invention can min-
1aturize a high frequency signal receiving device that can
receive the broadcast waves of terrestrial digital television
broadcast and terrestrial analog television broadcast by
including: reference frequency signal generating means for
generating a reference frequency signal; high frequency sig-
nal processing means for obtaiming a signal of a desired
channel from a high frequency signal obtained by receiving a
broadcast wave, using the reference frequency signal; analog
demodulating means for subjecting the signal obtained by the
high frequency signal processing means to an analog
demodulation process; and digital demodulating means for
subjecting the signal obtained by the high frequency signal
processing means to a digital demodulation process using the
reference frequency signal.

With recent enhancement of functionality of portable
devices, the portable devices can recerve the broadcast waves
of terrestrial analog television broadcast. FIG. 4 1s a diagram
showing a configuration of a high frequency signal receiving
device used to recerve the broadcast waves of terrestrial ana-
log television broadcast.

A high frequency signal obtained by receiving a broadcast
wave by a broadcast recerving antenna 51 1s amplified to a
predetermined signal level by a high frequency amplifier 52-1
in a high frequency signal processing unit 52, and then sup-
plied to a first mixer 52-2. The first mixer 52-2 generates a first
intermediate frequency signal of a few GHz by multiplying
the signal supplied from the high frequency amplifier 52-1 by
an oscillating signal having a frequency corresponding to a
selected channel from a first local oscillator circuit 52-3. Thas
first intermediate frequency signal 1s band-limited by a SAW
filter (surface acoustic wave filter) 53, and thereatiter supplied
to a second mixer 52-4. The second mixer 52-4 generates a
second intermediate frequency signal by multiplying the sig-
nal supplied from the SAW filter 53 by an oscillating signal
supplied from a second local oscillator circuit 52-5. An ampli-
fier 52-8 amplifies the second intermediate frequency signal
to a predetermined signal level. The amplifier 52-8 supplies
the second intermediate frequency signal to an analog
demodulating unit 55 via a SAW filter 54. An intermediate
frequency amplifier 535-1 in the analog demodulating unit 55
amplifies the second intermediate frequency signal. The
intermediate frequency amplifier 35-1 supplies the amplified
second intermediate frequency signal to a video detector
55-2. The video detector 55-2 generates a detection output
signal by multiplying the second intermediate frequency sig-
nal by an oscillating signal that 1s supplied from an oscillator
circuit 55-3 and has a frequency equal to that of a video
carrier. The video detector 35-2 supplies the detection output
signal to a low-pass filter 55-4 and a band-pass filter 55-6. The
low-pass filter 55-4 obtains an analog video signal by extract-
ing only a low frequency component from the detection out-
put signal. The low-pass filter 55-4 outputs the analog video
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signal via a video output amplifier 55-5. The band-pass filter
55-6 extracts only a signal component in a predetermined
band from the detection output signal. The band-pass filter
535-6 supplies the signal component to an FM detector circuit
55-7. The FM detector circuit 55-7 outputs a baseband analog
audio signal obtained by subjecting the signal supplied to the
FM detector circuit 55-7 to a detection process. The first local
oscillator circuit 52-3 1s connected with a PLL circuit 52-6,
and the second local oscillator circuit 52-5 1s connected with
aPLL circuit 52-7. The PLL circuits 52-6 and 52-7 control the
oscillating signals generated by the first local oscillator cir-
cuit 52-3 and the second local oscillator circuit 52-5 to a
desired frequency, using a reference frequency signal gener-
ated by a reference frequency signal generating unit 56.

The thus formed high frequency signal receiving device 1s
included 1n a card-shaped case, as shown 1n Japanese Patent
Laid-Open No. He1 5-14133, for example. Thus, by only
inserting the card-shaped high frequency signal receiving
device into the card slot of a portable device, a television
broadcast recetving function can be easily added to the por-
table device.

In broadcast using ground waves, 1n addition to terrestrial
analog television broadcasting, terrestrial digital television
broadcasting using an ISDB-T (Integrated Services Digital
Broadcasting-Terrestrial) has started. This terrestrial digital
television broadcasting uses an OFDM (Orthogonal Fre-
quency Division Multiplexing) system to reduce effects of
disturbances caused by multipath (delayed wave) interfer-
ence, interference from an adjacent channel, and the like. A
transmission band of one channel (a frequency bandwidth of
6 MHz) 1s divided into 13 segments (the bandwidth of one
segment 1s 6/14 MHz). Transmission parameters and infor-
mation to be transmitted are set 1 each segment so as to
enable high-definition broadcasting, a plurality of standard-
definition broadcasts, and terrestrial digital television broad-
casting suitable for reception by cars and reception by por-
table terminals. A central segment of the 13 segments 1s
provided for portable and mobile reception. By performing
narrow-band reception in which only the central segment 1s
received, a terrestrial digital television broadcast can be
viewed easily on a portable device and the like.

FIG. 5§ shows a configuration of a television receiving
device used to recerve a terrestrial digital television broad-
cast. A high frequency signal obtained by recetving a broad-
cast wave by a broadcast receiving antenna 51 1s amplified to
a predetermined signal level by a high frequency amplifier
57-1 1n a high frequency signal processing umt 57, and then
supplied to a mixer 57-2. The mixer 537-2 generates an inter-
mediate frequency signal by multiplying the signal supplied
from the high frequency amplifier 57-1 by an oscillating
signal having a frequency corresponding to a selected channel
from a local oscillator circuit 57-3. The mixer 57-2 supplies
the mntermediate frequency signal to a digital demodulating
unit 58 via an amplifier 57-4. An A/D converter circuit 58-1 in
the digital demodulating unit 58 converts the intermediate
frequency signal into a digital signal. The A/D converter
circuit 58-1 supplies the obtained digital signal to an OFDM
demodulator circuit $8-2. The OFDM demodulator circuit
58-2 supplies a demodulated signal obtained by performing
OFDM demodulation to a demodulated signal processing
circuit 58-3. The demodulated signal processing circuit 58-3
subjects the demodulated signal to an error correction process
or the like. The demodulated signal processing circuit 58-3
then outputs the signal as a transport stream. Thus, the high
frequency signal processing unit 57 uses a single conversion
system, and therefore saves more power than a terrestrial
analog television broadcast receiving device using a double
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conversion system. The local oscillator circuit 57-3 1s con-
nected with a PLL circuit 57-5. The PLL circuit $7-5 controls
the oscillating signal generated by the local oscillator circuit
57-3 to a desired frequency, using a reference frequency
signal generated by a reference frequency signal generating
unit 59. The digital demodulating unit 38 operates using a
clock signal supplied from a clock signal generating unit 60.

Terrestrial analog television broadcasting has a problem in
that a ghost or the like tends to be caused by a delayed wave
and disturb a screen 1n urban districts ol a metropolitan area.
In addition, a screen tends to be disturbed when a receiving
device recerves the broadcast wave of a terrestrial analog
television broadcast while moving.

On the other hand, terrestrial digital television broadcast-
ing can reduce ellects of a delayed wave by inserting guard
intervals even when the delayed wave occurs. Terrestrial digi-
tal television broadcasting therefore provides images of good
quality even when a receiving device receives the broadcast
wave of a terrestrial digital television broadcast 1n an urban
area or when a receiving device recerves the broadcast wave
of a terrestrial digital television broadcast while moving.
However, terrestrial digital television broadcasting is per-
tformed only in certain areas for the time being. Therefore a
mobile device supporting only terrestrial digital television
broadcasting cannot receive a television broadcast wave
when moving from an area.

Accordingly, 1t 1s desirable to provide a high frequency
signal recerving device that has a function of receiving ter-
restrial analog television broadcasts and terrestrial digital
television broadcasts and can be miniaturized.

SUMMARY OF THE INVENTION

According to an embodiment of the present mvention,
there 1s provided a high frequency signal receiving device
including reference frequency signal generating means for
generating a reference frequency signal; high frequency sig-
nal processing means for obtaiming a signal of a desired
channel from a high frequency signal using the reference
frequency signal, the high frequency signal being obtained by
receiving a broadcast wave; analog demodulating means for
subjecting the signal of the desired channel to an analog
demodulation process; and digital demodulating means for
subjecting the signal of the desired channel to a digital
demodulation process using the reference frequency signal.

According to an embodiment of the present mvention,
there 1s provided a ligh frequency signal recerving device
including high frequency signal processing means for obtain-
ing a signal of a desired channel from a high frequency signal,
the lhigh frequency signal being obtaimned by receiving a
broadcast wave of a terrestrial analog television broadcast or
a terrestrial digital television broadcast; analog demodulating
means for subjecting the signal of the desired channel to an
analog demodulation process when a broadcast wave of the
terrestrial analog television broadcast 1s received; digital
demodulating means for subjecting the signal of the desired
channel to a digital demodulation process when a broadcast
wave of the terrestrial digital television broadcast 1s received;
and reference frequency signal generating means for gener-
ating a reference frequency signal; wherein the high fre-
quency signal processing means and the digital demodulating
means operate using the reference frequency signal generated
by the reference frequency signal generating means. In addi-
tion, the digital demodulating means generates information
indicating a state of reception, and when it 1s determined
based on the information indicating the state of reception that
the state of reception has degraded from a predetermined
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level, power 1s supplied to the analog demodulating means by
power control means. Further, the high frequency signal pro-
cessing means includes analog broadcast high frequency sig-
nal processing means for obtaining a signal of a desired
channel 1n a terrestrial analog television broadcast by per-
forming frequency conversion in a plurality of stages using
the reference frequency signal; and digital broadcast high
frequency signal processing means for obtaining a signal of a
desired channel 1n a terrestrial digital television broadcast by
performing frequency conversion in fewer stages than the
plurality of stages using the reference frequency signal. When
it 1s determined based on the information indicating the state
ol reception that the state of reception has degraded from a
predetermined level, power 1s supplied to the analog broad-
cast high frequency signal processing means and the analog
demodulating means in place of the digital broadcast high
frequency signal processing means.

According to an embodiment of the present 1vention,
there 1s provided a high frequency signal recerving device
including reference frequency signal generating means for
generating a reference frequency signal; high frequency sig-
nal processing means for obtaining a signal of a desired
channel from a high frequency signal using the reference
frequency signal, the high frequency signal being obtained by
receiving a broadcast wave; analog demodulating means for
subjecting the signal of the desired channel to an analog
demodulation process; and digital demodulating means for
subjecting the signal of the desired channel to a digital
demodulation process using the reference frequency signal.
The high frequency signal processing means and the digital
demodulating means thus operate using the reference fre-
quency signal generated by the reference frequency signal
generating means. Therefore, the need to generate a reference
signal 1n each of the high frequency signal processing means
and the digital demodulating means 1s eliminated, so that the
high frequency signal recerving device capable of recerving
the broadcast waves of terrestrial analog television broadcasts
and terrestrial digital television broadcasts can be miniatur-
1zed.

In addition, the digital demodulating means generates
information indicating a state of reception, and when 1t 1s
determined based on the information indicating the state of
reception that the state of reception has degraded from a
predetermined level, power 1s supplied to the analog demodu-
lating means. Thus, when a terrestrial digital television broad-
cast cannot be received well, a terrestrial analog television
broadcast can be viewed. Also, when a terrestrial digital tele-
vision broadcast 1s received well, power supply to the analog
demodulating means 1s stopped, so that power consumption
when the terrestrial digital television broadcast 1s viewed can
be reduced.

In addition, the high frequency signal processing means
includes analog broadcast high frequency signal processing
means for obtaining a signal of a desired channel 1n a terres-
trial analog television broadcast by performing frequency
conversion in a plurality of stages using the reference ire-
quency signal, and for supplying the signal to the analog
demodulating means; and digital broadcast high frequency
signal processing means for obtaining a signal of a desired
channel 1n a terrestrial digital television broadcast by per-
forming frequency conversion in fewer stages than the plu-
rality of stages using the reference frequency signal, and for
supplying the signal to the digital demodulating means.
Therefore, a terrestrial analog television broadcast and a ter-
restrial digital television broadcast can be recerved simulta-
neously so that different programs can be viewed simulta-
neously, or so that a terrestrial analog television broadcast
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program can be viewed while a data broadcast performed in
terrestrial digital television broadcasting 1s received.
Further, when 1t 1s determined based on the information
indicating the state of reception that the state of reception has
degraded from a predetermined level during power supply to
the digital broadcast high frequency signal processing means,
power 1s supplied to the analog broadcast high frequency
signal processing means and the analog demodulating means
in place of the digital broadcast high frequency signal pro-
cessing means. The digital broadcast high frequency signal
processing means obtains a signal of a desired channel 1n a
terrestrial digital television broadcast by performing ire-
quency conversion in fewer stages than the analog broadcast
high frequency signal processing means, and thus consumes
less power than the analog broadcast high frequency signal
processing means. Thus, power consumption when a terres-
trial digital television broadcast 1s viewed can be further
reduced as compared with a case 1n which high frequency
signal processing means 1s shared for terrestrial analog tele-
vision broadcasts and terrestrial digital television broadcasts.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing a configuration of a portable
telephone terminal;

FIG. 2 1s a diagram showing a configuration of a tuner
module;

FIG. 3 1s a diagram showing another configuration of a
tuner module;

FIG. 4 1s a diagram showing a configuration of a high
frequency signal receiving device for receiving a terrestrial
analog television broadcast; and

FIG. 5 1s a diagram showing a configuration of a high
frequency signal receiving device for receiving a terrestrial
digital television broadcast.

DETAILED DESCRIPTION

Preferred embodiments of the present invention will here-
inafter be described with reference to the drawings. FIG. 1
shows a high frequency signal receiving device for example
modularized and included in a portable telephone terminal.

A communication antenna 11 for radio communication in
the portable telephone terminal 10 1s connected to a portable
telephone module 12. The portable telephone module 12 1s
also connected with a telephone recerver 13 and a telephone
transmitter 14. The portable telephone module 12 includes for
example a high frequency signal processing unit for generat-
ing a signal to be transmitted from the communication
antenna 11 and processing a signal receirved by the commu-
nication antenna 11, a baseband signal processing unit for
processing baseband signals of audio data, information data
and the like, and an audio codec for performing audio band
Compression.

This portable telephone module 12 connects to a portable
telephone network 1n response to a dialing operation on a key
operating unit, an imcoming call response operation, or the
like, to allow telephone conversation between a user of the
portable telephone terminal 10 and another person that the
user 1intends to talk to using the telephone recerver 13 and the
telephone transmitter 14. The portable telephone module 12
also supplies a display signal to a display selecting unit 33 to
be described later. The portable telephone module 12 has a
display unit 35 make display based on the display signal to
perform for example a process for producing and transmitting,
clectronic mail using the display on the display unit 35, a
process for recerving electronic mail for the portable tele-
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6

phone terminal 10 and displaying the electronic mail on the
display umit 35, and a process for browsing Web pages. Inci-
dentally, the transmission and reception of electronic mail
and the browsing of Web pages are performed by connecting
to the Internet via the portable telephone network.

A broadcast recerving antenna 21 for receiving broadcast
waves 1s connected to a tuner module 22 as high frequency
signal recerving device. The tuner module 22 recerves terres-
trial analog television broadcast and terrestrial digital televi-
sion broadcast. The tuner module 22 supplies a video signal
obtained by recerving a terrestrial analog television broadcast
to the display selecting unit 33, and supplies an audio signal
to an audio selecting unit 36. The tuner module 22 supplies a
transport stream obtained by recerving the broadcast wave of
a terrestrial digital television broadcast to a demultiplexer 31.

The demultiplexer 31 extracts video data and audio data of
a broadcast program from the transport stream supplied to the
demultiplexer 31. The demultiplexer 31 supplies the video
data and the audio data to a decoder 32. The decoder 32
subjects the video data and the audio data supplied to the
decoder 32 to a decompression process and the like to recon-
struct video data and audio data before compression coding.
The decoder 32 then supplies the reconstructed video data to
the display selecting unit 33, and supplies the reconstructed
audio data to the audio selecting unit 36.

The display selecting unit 33 selects a display signal sup-
plied tfrom the portable telephone module 12 when the user
selects a telephone function, and supplies the display signal to
a display driving processing unit 34. When the user selects a
television receiving function, the display selecting unit 33
selects a video signal supplied from the tuner module 22 or
video data supplied from the decoder 32, and supplies the
video signal or the video data to the display driving process-
ing unit 34.

The display driving processing unit 34 generates a display
driving signal on the basis of the display signal, the video
signal, or the video data selected by the display selecting unit
33. The display driving processing unit 34 supplies the dis-
play driving signal to the display unit 35. The display unit 35
1s formed by using a display element such as an LCD (Liquid
Crystal Display), an organic EL (Electro-Luminescence) dis-
play or the like. The display unit 35 drives the display element
on the basis of the display driving signal supplied from the
display driving processing umt 34 to display information
related to a telephone function, for example a telephone direc-
tory list, electronic mail to be transmitted, recerved electronic
mail, Web page information, various other guidance informa-
tion and message information, and the like. The display unit
35 also displays the video of a received terrestrial analog
television broadcast or terrestrial digital television broadcast
program.

The audio selecting unit 36 selects an audio signal supplied
from the tuner module 22 or audio data supplied from the
decoder 32. The audio selecting unit 36 supplies the audio
signal or the audio data to an audio signal processing unit 37.
The audio signal processing unit 37 for example adjusts
sound volume by changing the signal level of the audio signal,
and supplies the audio signal having a desired signal level to
an audio output unit 38. Incidentally, when the audio data 1s
supplied to the audio signal processing unit 37, the audio
signal processing umt 37 also performs a process of convert-
ing the audio data into an analog audio signal. The audio
output umt 38 i1s formed by a speaker or the like. The audio
output unit 38 outputs the audio of the received broadcast
program on the basis of the audio signal supplied to the audio
output unit 38.
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A control umt 40 1s connected with a user interface 41.
When an operation signal corresponding to a telephone
operation, a channel selecting operation or the like by the user
1s supplied from the user interface 41, the control unit 40
generates a control signal so that the operation of the portable
telephone terminal corresponds to the user operation. The
control unit 40 supplies the control signal to the portable
telephone module 12, the tuner module 22 and the like. For
example, when a telephone function 1s selected and a calling
operation or the like 1s performed on the user interface 41, the
portable telephone module 12 1s used to perform for example
a process of line connection to another terminal desired to be
called. When a television recerving function is selected and a
channel operation or the like 1s performed on the user inter-
face 41, the tuner module 22 1s used to perform a process so
that a desired television program can be viewed.

FIG. 2 shows a configuration of the tuner module. The
tuner module 22 has a high frequency signal processing unit
221, SAW filter 222 and 224, a reference frequency signal
generating unit 223, an analog demodulating unit 2235, a digi-
tal demodulating unit 226, and a power supply selector switch
227.

A high frequency signal obtained by receiving a broadcast
wave by the broadcast recerving antenna 21 1s supplied to the
high frequency signal processing unit 221. Incidentally, the
high frequency signal processing unit 221 shown 1n FIG. 2
illustrates a configuration using a double superheterodyne
system (up/down converter system).

A high frequency amplifier 221-1 1n the high frequency
signal processing unit 221 amplifies the high frequency signal
supplied from the broadcast recerving antenna 21 to a desired
signal level. The high frequency amplifier 221-1 supplies the
high frequency signal to a first mixer 221-2.

The first mixer 221-2 1s supplied with an oscillating signal
having a frequency corresponding to a selected channel from
a first local oscillator circuit 221-3. The first mixer 221-2
generates a signal upconverted to a frequency of for example
1.2 GHz by multiplying the high frequency signal supplied
from the high frequency amplifier 221-1 by the oscillating
signal from the first local oscillator circuit 221-3. The first
mixer 221-2 supplies the upconverted signal to the SAW filter
222. The SAW filter 222 subjects the signal supplied from the
first mixer 221-2 to a band limitation, and thereby removes
unnecessary components. The SAW filter 222 supplies the
resulting signal to a second mixer 221-7.

By thus upconverting the signal recerved by the broadcast
receiving antenna 21, supplying the upconverted signal to the
SAW filter 222, and subjecting the signal to a band limitation,
it 1s possible to extract a desired signal efliciently without
using an air-core coil or the like. Therefore the tuner module
can be mimaturized.

The first local oscillator circuit 221-3 supplies the gener-
ated oscillating signal to the first mixer 221-2 and a frequency
divider circuit 221-4. The frequency divider circuit 221-4, 1n
conjunction with a phase comparator circuit 221-5 and a
low-pass filter 221-6 to be described later, forms a PLL cir-
cuit. The frequency divider circuit 221-4 divides the ire-
quency of the oscillating signal with a frequency dividing
ratio corresponding to a channel selecting instruction
included 1n a control signal from the control unit 40. The
frequency divider circuit 221-4 supplies the resulting oscil-
lating signal to the phase comparator circuit 221-5.

The phase comparator circuit 221-5 1s supplied with a
reference frequency signal from the reference frequency sig-
nal generating unit 223. The phase comparator circuit 221-5
compares the phases of the reference frequency signal and the
signal supplied from the frequency divider circuit 221-4 with
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cach other. The phase comparator circuit 221-5 supplies a
result of the comparison to the first local oscillator circuit
221-3 via the low-pass filter 221-6. Thus, the oscillating sig-
nal generated by the first local oscillator circuit 221-3 has a
frequency corresponding to a selected channel and 1s syn-
chronous with the reference frequency signal.

A second mixer 221-7 1s supplied with an oscillating signal
from a second local oscillator circuit 221-8. The second mixer
221-7 converts the signal supplied from the SAW filter 222
into an intermediate frequency signal by multiplying the sig-
nal supplied from the SAW filter 222 by the oscillating signal
supplied from the second local oscillator circuit 221-8. The
second mixer 221-7 outputs the converted signal via an ampli-
fier 221-12.

The second local oscillator circuit 221-8 supplies the gen-
crated oscillating signal to the second mixer 221-7 and a
frequency divider circuit 221-9. The frequency divider circuit
221-9, 1n conjunction with a phase comparator circuit 221-10
and a low-pass filter 221-11 to be described later, forms a PLL
circuit. The frequency divider circuit 221-9 divides the fre-
quency of the oscillating signal. The frequency divider circuit
221-9 supplies the resulting oscillating signal to the phase
comparator circuit 221-10.

The phase comparator circuit 221-10 1s supplied with the
reference frequency signal from the reference frequency sig-
nal generating unit 223. The phase comparator circuit 221-10
compares the phases of the reference frequency signal and the
signal supplied from the frequency divider circuit 221-9 with
cach other. The phase comparator circuit 221-10 supplies a
result of the comparison to the second local oscillator circuit
221-8 via the low-pass filter 221-11. Thus, by controlling a
frequency dividing ratio 1n the frequency divider circuit 221 -
9, the signal supplied from the SAW filter 222 can be con-
verted into an intermediate frequency signal by the second
mixer 221-7. The oscillating signal output from the second
local oscillator circuit 221-8 1s synchronous with the refer-
ence Ifrequency signal from the reference frequency signal
generating unit 223.

Thus, the high frequency signal processing unit 221 gen-
crates an intermediate frequency signal of a desired channel at
a time ol receiving a terrestrial analog television broadcast. At
a time of receiving a terrestrial digital television broadcast,
the high frequency signal processing unit 221 performs a
narrow band reception for receiving a central segment of a
desired channel, and generates an intermediate frequency
signal.

The intermediate frequency signal generated by the high
frequency signal processing unmit 221 is supplied to the analog
demodulating unit 225 via the SAW filter 224. The interme-
diate frequency signal 1s also supplied to the digital demodu-
lating unit 226 without being passed through the SAW filter
224. Further, the reference frequency signal generated by the
reference frequency signal generating unit 223 1s supplied to
the digital demodulating unit 226 via an amplifier 221-13 of
the high frequency signal processing unit 221.

The analog demodulating unit 225 shown 1n FIG. 2 1llus-
trates a configuration using a synchronous detection system.
An intermediate frequency amplifier 223-1 1n the analog
demodulating unit 225 amplifies the intermediate frequency
signal supplied via the SAW filter 224 to a predetermined
signal level. The intermediate frequency amplifier 225-1 sup-
plies the amplified intermediate frequency signal to a phase
comparator circuit 2235-2 and a video detector 225-5.

The phase comparator circuit 2235-2 compares the phases
of the intermediate frequency signal and an oscillating signal
generated by an oscillator circuit 225-4 with each other. The
phase comparator circuit 225-2 supplies a result of the com-
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parison to the oscillator circuit 225-4 via a low-pass filter
225-3. Thus, the oscillator circuit 225-4 generates the oscil-
lating signal that has a frequency equal to that of a video
carrier and has a phase synchronous with that of the video
carrier.

The video detector 225-5 generates a detection output sig-
nal by shifting the phase of the oscillating signal supplied
from the oscillator circuit 225-4 by /2 and multiplying the
oscillating signal by the mtermediate frequency signal. The
video detector 225-5 supplies the generated detection output
signal to a low-pass filter 225-6 and a band-pass filter 225-8.

The low-pass filter 225-6 obtains an analog video signal
SVa by extracting only a low frequency component from the
detection output signal. This analog video signal SVa 1is
amplified by a video output amplifier 225-7 and then supplied
to the display selecting unit 33.

The band-pass filter 225-8 extracts only a signal compo-
nent 1n a predetermined band from the detection output sig-
nal. The band-pass filter 225-8 supplies the signal component
to an FM detector circuit 225-9. The FM detector circuit
225-9 supplies the audio selecting unit 36 with a baseband
analog audio signal SAa obtained by subjecting the signal
supplied to the FM detector circuit 2235-9 to a detection pro-
Cess.

Incidentally, while the analog demodulating unit 225 gen-
erates the oscillating signal that has a frequency equal to that
of the video carrier and has a phase synchronous with that of
the video carrier using the intermediate frequency signal, the
oscillating signal that has a frequency equal to that of the
video carrier and has a phase synchronous with that of the
video carrier may be generated using the reference frequency
signal generated by the reference frequency signal generating
unit 223.

The digital demodulating unit 226 1s formed by using an
A/D converter circuit 226-1, an OFDM demodulator circuit
226-2, a demodulated signal processing circuit 226-3, and a
port control circuit 226-4. The digital demodulating unit 226
operates using the reference frequency signal supplied from
the amplifier 221-13 of the high frequency signal processing,
unit 221, and the like.

The A/D converter circuit 226-1 1in the digital demodulat-
ing unit 226 converts the intermediate frequency signal sup-
plied from the high frequency signal processing unit 221 into
a digital signal. The A/D converter circuit 226-1 supplies the
digital signal to the OFDM demodulator circuit 226-2.

The OFDM demodulator circuit 226-2 supplies the
demodulated signal processing circuit 226-3 with an OFDM
demodulated signal obtained by subjecting the digital signal
supplied from the A/D converter circuit 226-1 to an OFDM
demodulation process. The demodulated signal processing
circuit 226-3 subjects the supplied OFDM demodulated sig-
nal to an error detection and correction process. The demodu-
lated signal processing circuit 226-3 also decodes a TMCC
(Transmission and Multiplexing Configuration Control) sig-
nal multiplexed 1n the broadcast signal. The demodulated
signal processing circuit 226-3 thereby obtains a transport
stream 1ncluding video data packets and audio data packets of
a desired terrestrial digital television broadcast. The demodu-
lated signal processing circuit 226-3 supplies the transport
stream to the demultiplexer 31. In addition, the demodulated
signal processing circuit 226-3 supplies the port control cir-
cuit 226-4 with information indicating a state of reception, for
example an error rate obtained when the error detection and
correction process 1s performed, and information indicating
whether the decoding of the TMCC si1gnal 1s completed prop-
erly. The port control circuit 226-4 generates a power supply
control signal on the basis of for example the information
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indicating a state of reception or a control signal supplied
from the control unit 40. The port control circuit 226-4 sup-
plies the power supply control signal from an output port to
the power supply selector switch 227 to control the operation
of the power supply selector switch 227.

The port control circuit 226-4 and the power supply selec-
tor switch 227 form power supply controlling means. In the
tuner module shown 1n FIG. 2, the digital demodulating unit
226, which consumes low power, includes the port control
circuit 226-4. In this case, when the digital demodulating unit
226 15 formed into an integrated circuit, the integrated circuit
includes the port control circuit 226-4. Therefore a need for a
board space for the port control circuit 226-4 1s eliminated, so
that the portable telephone terminal can be further miniatur-
1zed.

Thus, 1 the tuner module 22, the reference frequency
signal used 1n the high frequency signal processing unit 221 1s
also used 1n the digital demodulating unit 226. It 1s therefore
not necessary to provide an oscillator circuit in the digital
demodulating unit 226, so that the tuner module 22 can be
miniaturized. In addition, since the circuit for receiving ter-
restrial digital television broadcast and the circuit for recerv-
ing terrestrial analog television broadcast are integrally
modularized, 1t 1s easy to optimize routing {from the antenna to
the high frequency circuit. The tuner module can be made less
susceptible to interference by noise caused by the telephone
module or the like when a television broadcast wave 1s
received.

Further, power supply to the analog demodulating unit 225
in the tuner module 22 1s performed on the basis of the power
supply control signal. Specifically, when the error rate
obtained 1n the error detection and correction process in the
demodulated signal processing circuit 226-3 does not exceed
a predetermined level, and when the decoding of the TMCC
signal in the demodulated signal processing circuit 226-3 1s
completed properly, the port control circuit 226-4 determines
that the state of reception 1s better than a predetermined level.
The port control circuit 226-4 controls the power supply
selector switch 227 by the power supply control signal so as
not to supply power to the analog demodulating unit 225.
When the error rate exceeds the predetermined level, and
when the decoding of the TMCC signal 1s not completed
properly, the port control circuit 226-4 determines that the
state of reception has degraded from the predetermined level.
The port control circuit 226-4 controls the power supply
selector switch 227 by the power supply control signal so as
to supply power to the analog demodulating unit 225. Further,
when power 1s supplied to the analog demodulating unit 225,
a channel changing process 1s performed by the control unit
40, for example, so as to receive a terrestrial analog television
broadcast by the high frequency signal processing unit 221.
When the channel numbers of terrestrial digital television
broadcast and terrestrial analog television broadcast are reg-
1stered 1n advance 1n association with each other, an auto-
matic change can be made from a viewed channel of terres-
trial digital television broadcast to an associated channel of
terrestrial analog television broadcast.

The generation of the power supply control signal may be
controlled by the control unit 40 formed by using a micro-
computer or the like. Specifically, the control unit 40 reads the
error rate obtained 1n the error detection and correction pro-
cess and a result of the decoding of the TMCC signal in the
demodulated signal processing circuit 226-3 1n order to deter-
mine whether the state of reception has degraded from the
predetermined level. The control unit 40 generates a control
signal on the basis of aresult of the determination. The control
unit 40 supplies the control signal to the port control circuit
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226-4. The port control circuit 226-4 generates the power
supply control signal on the basis of the control signal sup-
plied from the control unit 40. Such a constitution can sim-
plify the configuration of the port control circuit 226-4. In
addition, a reference level for determining whether the state
of reception has degraded can be set freely by the control unit
40. When the state of reception 1s thus determined by the
control unit 40, the power supply controlling means includes
the control unit 40.

Incidentally, when the broadcast to be recerved 1s fixed to
terrestrial digital television broadcast or terrestrial analog
television broadcast by a user operation, the power supply
control signal based on a control signal that 1s supplied from
the control unit 40 and corresponds to the user operation 1s
supplied to the power supply selector switch 227 to supply
power so that a desired broadcast can be received.

Further, though not shown 1n the figure, signals selected by
the display selecting unit 33 and the audio selecting unit 36
are changed 1n such a manner as to be interlocked with the
operation ol controlling the power supply selector switch
227. Specifically, when power 1s not supplied to the analog
demodulating unit 2235, signals output from the decoder 32
are selected. When power 1s supplied to the analog demodu-
lating unit 225, signals output from the analog demodulating
unit 225 are selected. By thus changing the selected signals, a
broadcast program on a channel selected by the high fre-
quency signal processing unmit 221 can be viewed. Inciden-
tally, signals selected by the display selecting unit 33 and the
audio selecting unit 36 may be changed under control of the
port control circuit 226-4 or under control of the control unit
40.

Thus, when power supply to the analog demodulating unit
225 and the like are controlled as described above according
to the state of reception, and a terrestrial digital television
broadcast 1s received well, power supply to the analog
demodulating unit 225 1s stopped, so that power consumption
can be reduced. In addition, even when the state of reception
has degraded from the predetermined level during the recep-
tion of a terrestrial digital television broadcast, a program
received as a terrestrial analog television broadcast can be
automatically presented. Hence, the user can view a televi-
sion program with a high 1image quality even while moving
within a service area of terrestrial digital television broadcast,
for example, and can view a program of terrestrial analog
television broadcast even outside the service area.

Further, the portable telephone module 12 may be used to
communicate with a radio base station so that power supply to
the analog demodulating unit 225 1s controlled on the basis of
a result of determination of whether the position of the por-
table telephone terminal 1s within the service area of terres-
trial digital television broadcast. In this case, when for
example the control unit 40 determines that the position of the
portable telephone terminal 1s within the service area of ter-
restrial digital television broadcast, the port control circuit
226-4 generates the power supply control signal on the basis
ol a control signal from the control unit 40 to stop power
supply to the analog demodulating unit 223 by controlling the
power supply selector switch 227. When the position of the
portable telephone terminal 1s not within the service area of
terrestrial digital television broadcast, power 1s supplied to
the analog demodulating unit 225 to present a program of
terrestrial analog television broadcast.

The above-described high frequency signal processing unit
221 uses the double superheterodyne system 1n which fre-
quency conversion 1s performed in two stages. However,
using a system in which the number of stages of frequency
conversion 1s smaller than in the double superheterodyne
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system, for example a single conversion system in which
frequency conversion 1s performed in one stage when the
broadcast wave of terrestrial digital television broadcast 1s
received can simplily a circuit configuration as compared
with the case where the double superheterodyne system 1s
used, and reduce power consumption.

Accordingly, a high frequency signal processing unit used
to receive the broadcast wave of terrestrial analog television
broadcast (heremnafter referred to as an “analog broadcast
high frequency signal processing umt”) and a high frequency
signal processing unit used to receive the broadcast wave of
terrestrial digital television broadcast (hereinatfter referred to
as a “digital broadcast high frequency signal processing
umt”) are provided separately, and the digital broadcast high
frequency signal processing unit has a circuit configuration
that consumes low power. Such a configuration of the high
frequency signal processing units can further reduce power
consumption when a terrestrial digital television broadcast 1s
viewed.

FIG. 3 shows a configuration of a tuner module when a high
frequency signal processing unit used to recerve the broadcast
wave ol terrestrial analog television broadcast and a high
frequency signal processing unit used to recerve the broadcast
wave ol terrestrial digital television broadcast are provided
separately. Incidentally, in FIG. 3, parts corresponding to
those of F1G. 2 are identified by the same reference numerals,
and detailed description thereof will be omitted.

A high frequency amplifier 228 amplifies a high frequency
signal obtained by receiving a broadcast wave by the broad-
cast recerving antenna 21 to a predetermined signal level. The
high frequency amplifier 228 supplies the amplified high
frequency signal to a first mixer 221-2 1n an analog broadcast
high frequency signal processing unit 221a and a mixer 229-2
in a digital broadcast high frequency signal processing unit

229.

The mixer 229-2 1s supplied with an oscillating signal from
a local oscillator circuit 229-3. The mixer 229-2 multiplies
the high frequency signal supplied from the high frequency
amplifier 228 by the oscillating signal supplied from the local
oscillator circuit 229-3 to down-convert the high frequency
signal. The mixer 229-2 thereby generates an intermediate
frequency signal. The mixer 229-2 supplies the generated

intermediate frequency signal to a digital demodulating unit
226 via an amplifier 229-7.

The local oscillator circuit 229-3 supplies the generated
oscillating signal to the mixer 229-2 and a frequency divider
circuit 229-4. The frequency divider circuit 229-4, in con-
junction with a phase comparator circuit 229-5 and a low-pass
filter 229-6 to be described later, forms a PLL circuit. The
frequency divider circuit 229-4 divides the frequency of the
oscillating signal with a frequency dividing ratio correspond-
ing to a channel selecting instruction included 1n a control
signal from the control unit 40. The frequency divider circuit
229-4 supplies the resulting oscillating signal to the phase
comparator circuit 229-5.

The phase comparator circuit 229-5 1s supplied with a
reference frequency signal from a reference frequency signal
generating unit 223 via an amplifier 230. The phase compara-
tor circuit 229-5 compares the phases of the reference ire-
quency signal and the signal supplied from the frequency
divider circuit 229-4 with each other. The phase comparator
circuit 229-5 supplies a result of the comparison to the local
oscillator circuit 229-3 via the low-pass filter 229-6. Thus, the
oscillating signal generated by the local oscillator circuit
229-3 has a frequency corresponding to a selected channel
and 1s synchronous with the reference frequency signal.
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The reference frequency signal generating unit 223 sup-
plies the generated reference frequency signal to phase com-
parator circuits 221-5 and 221-10 in the analog broadcast
high frequency signal processing unit 221a, the phase com-
parator circuit 229-5 1n the digital broadcast high frequency
signal processing umt 229, and the digital demodulating unit

226 via the amplifier 230.

Power to the analog broadcast high frequency signal pro-
cessing unit 221a and an analog demodulating unit 225, or the
digital broadcast high frequency signal processing unit 229 1s
supplied via a power supply selector switch 231.

The power supply selector switch 231 performs switching,
on the basis of a result of error detection and a result of
decoding a TMCC signal 1n a demodulated signal processing
circuit 226-3 as described above, or a control signal from the
control unit 40, for example. Specifically, when the result of
error detection in the demodulated signal processing circuit
226-3 does not exceed a predetermined error rate, and when
the decoding of the TMCC signal 1s completed in the
demodulated signal processing circuit 226-3, the power sup-
ply selector switch 231 1s controlled by a power supply con-
trol signal {rom a port control circuit 226-4 so as not to supply
power to the analog broadcast high frequency signal process-
ing unit 221a and the analog demodulating unit 225. When

the result of error detection exceeds the predetermined error
rate, and when the decoding of the TMCC signal cannot be
completed, the power supply selector switch 231 1s controlled
by the power supply control signal from the port control
circuit 226-4 so as to supply power to the analog broadcast
high frequency signal processing unit 221a and the analog
demodulating unit 2235 and so as not to supply power to the
digital broadcast high frequency signal processing unit 229.
Further, signals selected by the display selecting unit 33 and
the audio selecting unit 36 are changed 1n such a manner as to
be mterlocked with the operation of controlling the power
supply selector switch 231. Specifically, when power 1s not
supplied to the analog broadcast high frequency signal pro-
cessing unit 221a and the analog demodulating unit 225,
signals supplied from the decoder 32 are selected. When
power 1s supplied to the analog broadcast high frequency
signal processing unit 221a and the analog demodulating unit
225, signals from the analog demodulating unit 225 are
selected.

Thus, when the analog broadcast high frequency signal
processing unit 221q and the digital broadcast high frequency
signal processing unit 229 are provided separately from each
other, and power supply 1s changed by the power supply
selector switch 231, the digital broadcast high frequency sig-
nal processing unit 229 consuming less power than the analog
broadcast high frequency signal processing unit 221« 1s used
during the reception of terrestrial digital television broadcast,
so that the power consumption of the portable telephone
terminal can be further reduced.

In the tuner module shown 1n FIG. 3, the digital demodu-
lating unit 226 includes the port control circuit 226-4. When
the digital demodulating unit 226 1s formed 1nto an integrated
circuit with the digital demodulating unit 226 including the
port control circuit 226-4, power supply to the digital
demodulating unit 226 needs to be maintained 1n order to
control the power supply selector switch. Thus, when the port
control circuit 226-4 1s provided separately from the digital
demodulating unit 226, and power supply to the digital broad-
cast high frequency signal processing unit 229 and the digital
demodulating unit 226 1s stopped during power supply to the
analog broadcast high frequency signal processing unit 221a
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and the analog demodulating unit 225, power consumption
during the reception of a terrestrial analog television broad-
cast can be further reduced.

When the analog broadcast high frequency signal process-
ing unit 221a and the digital broadcast high frequency signal
processing unit 229 are provided separately from each other,
and power 1s supplied to each of the analog broadcast high
frequency signal processing unit 221aq, the analog demodu-
lating unit 225, the digital demodulating unit 226, and the
digital broadcast high frequency signal processing unit 229, a
terrestrial digital television broadcast and a terrestrial analog,
television broadcast can be recetved simultaneously. At this
time, the display selecting unit 33 selects both signals sup-
plied from the analog demodulating unit 225 and signals
supplied from the decoder 32, and supplies both the signals
supplied from the analog demodulating unit 225 and the
signals supplied from the decoder 32 to the display driving
processing unit 34, whereby the terrestrial digital television
broadcast program and the terrestrial analog television broad-
cast program can be displayed simultaneously on the display
unmt 35. In addition, terrestrial digital television broadcast
provides not only moving images and audio but also data
service. Therefore, when the decoder 32 extracts data infor-
mation and supplies the data information to the display driv-
ing processing unit 34 via the display selecting unit 33, the
user can obtain the data information provided by terrestrial
digital television broadcast, for example VICS (Vehicle Infor-
mation and Communication System) information while
viewing a program of terrestrial analog television broadcast.
Thus the functionality of the portable telephone terminal can

be enhanced.

It 1s to be noted that while 1n the above-described embodi-
ment, the analog broadcast high frequency signal processing
unit uses a double superheterodyne system, and the digital
broadcast high frequency signal processing unit uses a single
conversion system, the demodulating systems are not limited
to these systems. For example, when the digital broadcast
high frequency signal processing unit 1s formed by using a
direct conversion system that can generate a baseband signal
from a high frequency signal obtained by recerving a broad-
cast wave by the broadcast recerving antenna 21 without
generating an intermediate frequency signal, as a system for
performing frequency conversion in fewer stages than analog,
broadcast high frequency signal processing means, no SAW
filter 1s required, so that the number of parts can be reduced
and thus the portable telephone terminal can be further min-
1aturized. Since it sutlices to recerve one segment 1n receiving
a terrestrial digital television broadcast, a signal in one seg-
ment band can be converted 1nto a baseband signal without
being distorted even when the direct conversion system 1s
used.

While 1n the foregoing embodiments, description has been
made of cases where a high frequency signal receiving device
1s applied to a portable telephone terminal, the high frequency
signal recerving device may of course be applied to electronic
devices having a display element and an output terminal for
outputting a reproduced audio signal such as a speaker, a
headphone terminal or the like, such for example as PDAs
(Personal Digital Assistants), notebook personal computer
devices, digital still cameras mainly for picking up still
images, and digital video cameras mainly for taking moving
1mages.

As described above, the high frequency signal receiving
device according to the present invention 1s suitable for recep-
tion of television broadcast waves 1n portable type electronic
devices and the like.
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It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

The mvention claimed 1s:

1. A high frequency signal receving device, comprising;:

reference frequency signal generating means for generat-

ing a reference frequency signal;
high frequency signal processing means for obtaining a
signal of a desired channel from a high frequency signal
using the reference frequency signal, the high frequency
signal being obtained by receiving a broadcast wave;

analog demodulating means for subjecting the signal of the
desired channel to an analog demodulation process;

digital demodulating means for subjecting the signal of the
desired channel to a digital demodulation process using
the reference frequency signal; and

power supply controlling means for controlling power sup-

plied to the analog demodulating means, wherein

the digital demodulating means generates information

indicating a state of reception, and

when the power supply controlling means determines

based on the information indicating the state of recep-
tion that the state of reception has degraded from a
predetermined level, the power supply controlling
means supplies power to the analog demodulating
means.

2. A high frequency signal receiving device, comprising:

reference frequency signal generating means for generat-

ing a reference frequency signal;

high frequency signal processing means for obtaining a

signal of a desired channel from a high frequency signal
using the reference frequency signal, the high frequency
signal being obtained by receiving a broadcast wave;
analog demodulating means for subjecting the signal of the
desired channel to an analog demodulation process;
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digital demodulating means for subjecting the signal of the
desired channel to a digital demodulation process using,
the reference frequency signal;

analog broadcast high frequency signal processing means
for obtaining a signal of a desired channel 1n a terrestrial
analog television broadcast by performing frequency
conversion 1n a plurality of stages using the reference
frequency signal, and for supplying the signal to the
analog demodulating means; and

digital broadcast high frequency signal processing means
for obtaining a signal of a desired channel 1n a terrestrial
digital television broadcast by performing frequency
conversion 1n fewer stages than the plurality of stages
using the reference frequency signal, and for supplying
the signal to the digital demodulating means.

3. The high frequency signal recerving device as claimed 1n

claim 2, further comprising:

power supply controlling means for controlling power sup-
plied to the analog broadcast high frequency signal pro-
cessing means, the digital broadcast high frequency sig-
nal processing means, and the analog demodulating
means, wherein

the digital demodulating means generates information
indicating a state of reception, and

when the power supply controlling means determines
based on the mmformation indicating the state of recep-
tion that the state of reception has degraded from a
predetermined level during power supply to the digital
broadcast high frequency signal processing means, the
power supply controlling means supplies power to the
analog broadcast high frequency signal processing
means and the analog demodulating means in place of

the digital broadcast high frequency signal processing
means.
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